been suggested to have played a role in the present zika epidemic [4] . The aim of this study was to characterize the spatial dynamics of cases and demographic Ecuador. This study builds on prior studies in Machala, Ecuador, that demonstrated the role of 1 0 3 social determinants in predicting dengue risk at the household and city-levels, and contributes to Ministry of Health and the National Institute of Meteorology and Hydrology (INAMHI) [16, 17] . This study is intended to both provide the much needed local-level social-ecological context, and to demonstrate the differences arising in inference from presence and burden of cases in these analyses. Dengue fever is hyper-endemic in Guayaquil, Guayas Province, a tropical coastal port city (pop.
(aggregated as total dengue fever) reported to a mandatory disease surveillance system operated 1 3 4 by the Ministry of Health, and included 15.03% of total dengue cases confirmed by the Ministry 1 3 5 of Health in Ecuador for 2012 (n= 16, 544) [23] . Dengue cases included in this study were 1 3 6 defined based on clinical diagnosis rather than laboratory confirmed cases due to the low rate of 1 3 7 laboratory confirmation. 1 3 8 Social-ecological risk factors. We extracted individual and household-level data from the 1 3 9 2010 Ecuadorian National Census [19] to test the hypothesis that social-ecological variables 1 4 0 were associated with the presence and burden of dengue (Table 1 ). We selected variables that 1 4 1 have been previously described and used in similar epidemiological studies [17] . We created a normalized housing condition index (0 to 1, where 1 is the worst) by combining three housing individual and household census records, we recoded selected census variables and calculated 1 4 5 parameters as the percent of households or percent of the population per census zone (n = 484). Climate data. INAMHI provided rainfall and 2-meter temperature station data at monthly 1 4 7 scale for the period 1981-2012. The long-term means were computed for both variables, and complementary analysis was performed to understand the behavior of these two variables during 1 0 localized concentration of dengue, by using dengue case counts per census zone offset by local 1 7 9 population as the dependent variable (GLM, family=negative binomial). Model searches were 1 8 0 run until convergence using glmulti's genetic algorithm (GA) [28] . Generated models were 1 8 1 tested and ranked based on Akaike's Information Criterion (AIC) corrected for small sample size
Where k is the number of parameters in the model, n is the sample size, and L is the maximized likelihood function for the model. The top ranked model for each search was compared to its 1 8 5 respective global model, which included all proposed variables as model parameters [29] . Parameter estimates and 95% confidence intervals (CI) were calculated for variables in the top collinearity and model dispersion. Spatial dynamics. Dengue incidence in census zones ranged from 0 cases (n = 88 zones) to 1 9 2 160 cases per 10,000 population (n = 1 zone) ( Fig. 4 ). Dengue cases during the epidemic were that there were significant dengue hotspots (n = 30 high-high census zones) in the North Central and Southern areas of the city, and a smaller number of significant outliers (n = 3 high-low neighborhood, n = 7 low-high neighborhoods) (p < 0.05, Fig. 4 ). Social-ecological risk factors. The most important risk factors associated with the presence of cases of dengue fever were poor housing conditions (e.g., poor structural condition 1 1 of the floor, roof, and walls) and the proportion of households that received remittances. Other to municipal services (sewerage, piped water, garbage collection), fewer households that drink 2 0 2 tap water, and lower proportion of Afro-Ecuadorians in the local population ( Table 2 ). Ten additional models were found within 2 AICc units of the top model (Supplemental Table 1 ).
0 4
Poor housing condition was also the most important risk factor associated with the household, greater access to municipal garbage collection, a greater proportion of housing
structures with more than one household, and a greater proportion of families receiving remittances (Table 3) . Twenty-nine additional models were found within 2 AICc units of the top 2 1 2 model (Supplemental Table 2 ). Results from the VIF analysis showed that 17 of the 23 tested variables had VIF scores categories (e.g. measures of education and household age structure showed some correlation)
Collinear variables were included in the multimodel searches as the main concern with inflated 2 1 7
VIF scores is large error terms, not the coefficient estimates. Collinear variable suites were shown to be significant in many top models even with conservative model search criteria in place. values for Guayaquil), and concurrent with an increase in temperatures from below-normal to 2 2 4 normal seasonal values ( Fig. 2) . Although identified as a weak La Niña due to the behavior of "climate"a,c,d), anomalously high moisture fluxes continuously arrived to coastal Ecuador from the Pacific during January and March (see Supplemental Figure " climate"b,d,e), providing suitable conditions for the above-normal rainfall amounts observed during the season in Guayaquil. Since the 1980s, febrile illnesses transmitted by Aedes aegypti and Aedes albopictus (dengue fever, chikungunya, zika fever) have been increasing in incidence and distribution despite strategies are urgently needed to halt the spread of these diseases. The results of this study 2 3 6 highlight the need to differentiate between disease burden and presence when developing risk 2 3 7 maps, providing an important contribution to our understanding of the spatial dynamics of transmission dynamics, which are complicated by the non-stationary relationships among 2 4 0 apparent dengue infection, climate, vector, and virus strain dynamics [31] [32] [33] ; and the geographic and temporal variation in the social-ecological conditions that influence risk [12] [13] [14] [15] . In this study, we found that city neighborhoods with certain social-ecological conditions were more likely to report dengue cases during the 2012 outbreak in Guayaquil. Dengue cases 2 4 4 were clustered in neighborhood-level transmission hotspots near the North Central and Southern increased burden of dengue outbreak included poor housing condition and the proportion of households receiving remittances. 2 4 8 This study contributes to ongoing efforts by INAMHI and the Ministry of Health of 1 4 significant clustering of dengue transmission across the urban landscape [12, [34] [35] [36] A previous 2 6 9 study in Guayaquil, Ecuador, also identified neighborhood-level dengue hot and coldspots, and
found that the location of hotspots shifted over a 5-year period, highlighting the importance of continued spatial surveillance [6, 7] . Longitudinal dengue field studies in Thailand found at the school and household levels [37, 38] . Focal transmission patterns may be associated with recent studies of dengue in Peru [39, 40] . We suggest that a combination of linked vector flight range, combined with intra-urban human movement, may lead to moderate hotspot patterns, while enabling broad spread of dengue. Open access tools are especially important in resource-limited settings, and analysis packages targeted to dengue are becoming available [41] . Web-based GIS tools have been surveillance research projects [51, 52] . National-level dengue GIS initiatives have been decision makers to assess intervention programs and allocate resources more efficiently, and ultimately providing the foundation for an operational dengue EWS. Social-ecological risk factors 2 8 9 We found that poor housing condition was the most important risk factor for dengue structure and arbovirus transmission has been well documented [42] [43] [44] [45] . Following the economic 3 0 0 crisis in the late 1990s, many Ecuadorians immigrated to the U.S., Spain, and other countries in When modeling for the presence of dengue, all top models included access to core houses drinking tap water as positive predictors of dengue cases ( Municipal garbage collection was also positively correlated with dengue burden in all top models correlations between lack of services and dengue transmission, as poor sanitation and water storing habits in urban areas are well-documented for providing habitat for larval Aedes
mosquitoes [16, 17] . Although municipal services are known to reduce the amount of larval mosquito habitat, there is some evidence to suggest that heavily urbanized areas, like Guayaquil, provide ample habitat regardless of service availability [42] . Municipal services in Guayaquil are spatially heterogeneous, but in general services are more widely available in densely populated areas of the city (Fig. 5 ). However, it is important to note that access to service does not 3 1 5 necessarily serve as an indicator for quality or frequency of services. Several studies have 3 1 6 identified the interaction between local Aedes production and human population density as a key 3 1 7 factor in triggering dengue outbreak events [12, [49] [50] [51] . The observed counterintuitive findings 3 1 8 may indicate that although access to service should reduce the amount of available habitat for 3 1 9 larval mosquitoes, human population density and quality of service may play a larger role in
urban transmission of dengue. Several demographic characteristics were found to be negatively correlated with dengue burden, i.e. age structure of households and access to primary and secondary education. Education, specifically knowledge about dengue, has been shown to influence the prevention 3 2 4 practices of households and elimination of mosquito breeding sites [52] . Previous work in 3 2 5 Machala, Ecuador, also revealed that household-level risk factors and perceptions of dengue risks vary with social and economic structures between communities [5] . The proportion of Afro- Ecuadorians per census zone was associated with both lower dengue presence and burden, 3 2 8 indicating the possibility of cultural and racial differences influencing localized transmission, or 3 2 9 disproportionate case reporting.
Our findings support previous findings of household risk factors for Ae. aegypti rather and an earlier version of this paper. 4 2 0 Tables   4  2  2   4 2 3 Figure 1 . The study site, Guayaquil, is located within Guayas province in coastal Ecuador. the proportion of homes lacking municipal garbage collection (B), lacking municipal sewage (C), 4 3 8 and lacking piped water (D). Although dengue cases were reported in both densely and sparsely 4 3 9 populated census zones, dengue hot spots were more associated with higher density zones ( Fig.   4  4  0 3), and the proportion of homes that lack basic municipal services tends to be higher in zones with lower population density. This may account for the counterintuitive model estimates Table 1 . Socio-ecological parameters tested in logistic regression and negative binomial model 4 4 7 searches to respectively predict presence of dengue and severity of outbreak. important to dengue burden. AICc units. B. Table 1 . Socio-ecological parameters tested in logistic regression and negative binomial model 4 8 4 searches to respectively predict presence of dengue and severity of outbreak. 
Figures and

Parameter
